■I  .?*v 


J   6  /    ? 


'% 


&iS3^^ 


Center  for  Information  Systems  Research 

Massachusetts  Institute  of  Technology 

Alfred  P,  Sloan  School  of  f^anagement 

50  Memorial  Drive 

Cambridge,  Massachusetts,  02139 

617  253-1000 


DECISION  SUPPORT  SYSTEMS: 
EMERGING  TOOLS  FOR  PLANNING 

Michael  S.  Scott  Morton 

May,  1979 

CISR  No.  44 
WP  No.  1070-79 


Michael  S.  Scott  Morton 
Professor  of  Management 
Sloan  School  -  M.I.T. 
Paper  presented  at  TIMS, 

New  Orleans 
Spring,  1979 


DECISION  SUPPORT  SYSTEMS  -  EMERGING  TOOLS  FOR  PLANNING 


Introduction 

Now  is  a  particularly  significant  time  in  the  evolving  field  of 
planning.  We  have,  over  the  last  twenty  years,  come  through  several 
phases  including  the  emphasis  on  functional  planning  (36)  and  then  stress 
on  the  process  (28)  by  which  an  organization  plans.  Recently  these  views, 
and  the  term  "long  range  planning",  have  been  augmented  by  the  term 
"strategic  planning"  (19).  This  change  is  more  than  mere  words,  it  reflects 
a  change  in  emphasis  -  a  change  from  coordinating  the  activities  of  the 
organization  and  ensuring  that  the  existing  businesses  of  the  organization 
run  smoothly  to  one  of  ensuring  that  the  direction  and  focus  of  the      ^ 
organization  is  correct.  Strategic  planning  has  a  lot  to  do  with  major 
changes  in  the  markets,  products,  manufacturing  processes,  and  the  style 
of  the  business.  Such  an  approach  carries  with  it  a  need  for  analysis  and 
a  level  of  managerial  involvement  even  greater  than  that  we  have  been  used 
to  in  the  past.  Fortunately  the  new  conceptual  ideas  and  the  new  physical 
tools  available  seem  to  be  equal  to  the  task.  The  paper  in  this  session 
that  has  just  been  presented  by  Walker  Lewis  (24)  demonstrates,  dramatically, 
the  enormous  changes  that  have  occurred.  The  actual  example  he  presents 
represents  one  illustration  of  the  best  of  the  current  work  going  on  in 
this  country  at  the  frontier  of  strategic  planning.  With  this  specific 
example  in  mind  I  would  like  to  try  to  make  some  generalizations,  and  to 
provide  some  perspective,  on  what  seems  to  be  happening  in  the  field  at 
the  moment. 
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Technological  Changes 

It  is  well  known  that  computer  technology  is  changing.  What  is  less 
visible  is  how  much  it  has  changed.  The  term  "computer"  has  become  content 
free  -  that  is,  there  are  a  wide  variety  of  different  types  of  computers 
that  do  quite  different  kinds  of  things,  and  by  merely  saying  one  has  a 
computer  it  is  not  clear  which  sorts  of  tasks  one's  system  can  do  well. 
The  analogy  that  my  colleague,  Stuart  Madnick,  uses  is  effective  here. 
Using  the  automobile  industry  one  can  get  a  general  impression  of  how  much 
things  have  changed;  for  example,  if  the  automobile  industry  had  exper- 
ienced as  much  change  over  the  past  twenty  years,  that  is  from  1959  to 
1979,  as  the  computer  industry,  a  Rolls  Royce  would  now  cost  fifty  cents 
and  deliver  fifteen  million  miles  to  the  gallon!  While  this  analogy  is 
oversimplified  and  somewhat  unfair,  it  does  give  a  general  flavor  of  the 
enormous  changes  that  are  going  on.  From  what  can  be  seen  of  the  new 
technology  that  has  been  invented  and  is  now  coming  out  of  the  laboratories, 
we  are  looking  for  roughly  a  20%  improvement  in  the  cost  performance 
figures  each  year  for  the  next  ten  years  (11).  Regardless  of  the  future, 
the  changes  have  already  been  sufficiently  great  that  our  conclusions  about 
how  and  where  to  use  computers  have  to  be  watched  very  carefully.  What 
was  a  valid  generalization  about  the  use  of  computers  in  a  company,  par- 
ticularly in  planning,  as  recently  as  five  years  ago  is  quite  possibly 
now  out  of  date. 

This  evolving  view  of  computers  can  be  looked  at  in  several  ways. 
For  example,  if  one  looks  at  the  diagrammatic  representation  in  Figure  1, 
one  gets  a  flavor  for  the  enormous  range  of  different  kinds  of  computer 
power  that  are  currently  available.  This  matrix  is  a  gross  oversimplification 
of  what  really  exists  and  it  is  drawn  purely  from  a  user's  point  of  view. 


As  the  user  sees  it,  he  has  four  different  kinds  of  computer  power 
available  to  him,  namely: 

Batch  processing  -  that  is,  one  submits  one's  job  to  the  computer 
center  and  in  the  fullness  of  time  the  computer  center  returns 
the  output. 
Remote  job  entry  -  similar  to  batch  in  the  sense  that  the  user 
has  little  control  over  timing  and  sequence,  but  it  does  provide 
physical  input/output  somewhat  closer  to  the  user. 
Multi-programming  -  a  form  of  computer  power  that  allows  the  user 
to  choose  among  several  queues  in  which  to  place  the  job.  The 
queues  will  have  different  prices  and  if  one  is 
willing  to  pay  a  higher  price  one  will  get  a  response  sooner. 
Time  sharing  -  a  form  of  computer  power  that  guarantees  a  fast 
response  to  jobs  requiring  limited  resources  although  it  becomes 
prohibitively  expensive  for  large  ones. 
Figure  1 
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On  the  other  axis  is  a  simple  size  spectrum  running  from  maxi  - 
that  is  to  say  the  large  computers  -  through  to  micros,  the  ultra  small 
form  of  computer  which  currently  has  limited  applications  in  a  business 
setting,  a  situation  that  is  bound  to  change  over  the  next  ten  years. 
The  numbers  1  through  5  on  the  diagram  represent  a  crude  view  of  the 
sequence  in  which  these  became  available  to  companies.  The  resulting 
matrix  is  far  too  simple,  and  anyone  who  understands  the  computer  world 
appreciates  the  enormous  liberties  that  have  been  taken  to  generate 
something  of  only  two  dimensions.  However,  for  our  purpose  here  it 
provides  an  indication  of  the  range  of  computer  power  that  is  available 
in  many  organizations  today.  It  is  not  that  one  of  these  sixteen  cells 
somehow  provides  better  computer  power  than  another  one  of  the  cells, 
but  merely  the  different  cells  are  quite  different  as  the  user  perceives 
them.  Thus  we  would  never  dream  of  printing  the  paychecks  for  a  20,000 
person  division  on  a  time-shared  mini -computer.  This  would  be  an  abso- 
lutely nonsensical  use  of  a  particular  kind  of  computer  power.  It  also 
follows,  I  would  submit,  that  using  a  large  batch  oriented  maxi-computer 
to  provide  the  vice-president  of  sales  with  a  system  to  help  him  on  the 
bids  that  have  to  be  made  for  the  company's  products  and  services  is 
equally  ridiculous.  Similarly,  to  believe  that  one  of  these  cells  will 
solve  all  of  a  company's  computer  support  requirements  for  planning  is  a 
level  of  generalization  well  beyond  the  economic  realities  of  modern 
computer  technology.  In  planning  one  might  need  a  very  large  data  base, 
or  need  the  abil^'ty  to  run  some  large  optimization  model  or  to  have 
flexible,  local,  access  to  a  simple  "what  if"  capability  for  cash  flow 
analysis.  To  do  all  of  this  on  one  physical  computer  may  no  longer 
be  sensible. 


The  preceding  discussion  has  raised  the  idea  of  the  evolving  nature 
of  computer  power  and  the  implications  implicit  in  this  for  the  strategic 
planning  process.  However,  apart  from  the  computer  itself,  there  are 
changes  in  other  aspects  of  this  technology.  There  has,  for  example, 
been  substantial  progress  in  the  kind  of  data  base  management  languages 
available  on  computers.  A  recent  example  of  this  is  the  relational  (9) 
data  base,  a  form  of  data  management  language  that  provides  significantly 
different  access  to  information  than  has  been  available  heretofore  -  a 
form  of  access  to  the  data  which  is  particularly  useful  for  strategic 
planning.  In  a  similar  way  we  have  much  more  powerful  languages  available 
to  us,  and  so  the  use  of  APL,  for  example,  provides  a  form  of  power 
which  was  not  available  in  any  practical  way  to  most  organizations  as 
recently  as  just  a  few  years  ago.  Perhaps  in  its  most  embryonic  state, 
and  yet  eventually  a  change  with  the  biggest  impact,  are  the  developments 
in  the  communications  field.  Extensive  use  of  wide-band  communications 
channels  via  satellites  at  low  cost  offers  a  level  of  potential  which, 
if  talked  about  at  the  moment,  sound  like  the  newest  science  fiction. 
However,  there  is  enough  substance  behind  some  of  these  claims  to  suggest 
that  we  are  not  "^ery   far  away  from  seeing  enormous  changes  in  our  ability 
to  share  data  with  different  parts  of  the  country,  or  indeed,  the  world  (10) 

However  all  of  this  discussion  has  been  merely  technological  change. 
It  is  perfectly  obvious  that  changes  in  hardware  and  software  themselves 
are  not  enough  to  have  a  real  impact  on  strategic  planning.  These 
changes  in  technology  are  a  necessary  but  not  sufficient  condition  to 
allow  us  to  begin  to  go  about  strategic  planning  in  a  different  way  and 
with  a  greater  impact  than  we  have  been  used  to  up  till  now.  Fortunately 
there  are  other  changes  as  well. 


Conceptual  Changes 

One  of  the  ideas  that  has  emerged  over  the  last  few  years  has  been 
the  concept  of  decision  support  systems.  This  is  the  recognititon  that 
there  are  situations  in  the  management  of  an  organization  where  it  is 
not  reasonable  to  expect  to  replace  the  human  being,  be  it  a  clerk  or 
be  it  a  manager,  with  the  fully  automated  computer  system.  So  our 
classical  use  of  computers,  in  the  data  processing  sense,  applies  only  to  a 
certain  class  of  problem  -  the  class  of  problem  that  we  now  think  of  as 
"structured".  There  is  obviously  a  large  class  of  decisions  in  a  manage- 
ment setting  which  are  fully  unstructured;  that  is,  there  are  problems 
which  are  not  well  understood,  ones  that  have  to  rely  almost  entirely  on 
intuition,  and  will  never  lend  themselves  to  analytical  support  of  any 
form.  It  has  recently  been  realized,  however,  that  there  is  also  a  large 
class  of  problems  (13)  which  fall  in  between  these  two  extremes;  problems 
where  neither  the  manager  alone,  nor  some  kind  of  automated  system  alone, 
can  make  as  good  a  decision  as  the  two  in  combination. 

Clearly  there  are  only  certain  classes  of  problem  where  this  is  true. 
Many  situations  yield  either  to  formal  models  and  to  optimization  or  to 
other  less  complex  data  processing  solutions.  There  will  continue  to  be 
a  number  of  these  important  problems  for  organizations  to  work  on.  However 
there  is  a  class  of  problem  (20)  where  a  Decision  Support  Systems  (D.S.S.) 
approach  can  pay  off;  situations  where  the  concern  is  with  a  specific 
decision  or  decisions  that  must  be  made,  not  with  the  overall  functioning 
of  a  particular  part  of  the  organization.  A  situation  where  the  focus  is 
on  supporting  the  manager,  or  managers,  not  replacing  them  with  an  automated 
system;  where  the  focus  is  on  the  system,  including  the  organizational 
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context  in  which  decisions  must  be  made,  and  not  just  the  computer 
itself.  Thus  a  decision  support  system  is  a  different  kind  of  a  tool 
than  a  functionally  based  clerical -replacing  computer  system. 

The  implications  that  flow  from  these  differences  are  considerable. 
They  are  discussed  in  detail  elsewhere  (20)  but  in  summary  these 
differences  can  be  grouped  in  four  areas: 

1.  People  -  The  skills  necessary  to  do  a  decision  analysis  of  a 
significant  semi -structured  problem  are  typically  not  the  same  as 
those  that  are  required  for  the  classical  data  processing 
applications. 

2.  Process  -  The  process  by  which  such  systems  are  built,  the 
understanding  of  the  business  problem  and  the  connections  with 
the  organizational  dynamics,  and  the  ongoing  evolution  of  the 
managers'  understanding  of  the  problem,  lead  to  a  considerably 
different  implementation  process. 

3.  Models  -  Fully  structured  problems  lend  themselves  to  a  clear 
statement  of  all  the  variables  and  the  objectives  involved, 
and  as  such  often  lend  themselves  to  a  solution  by  elaborate 
formal  models.  To  the  extent  D.S.S.  deal  with  fuzzy,  ongoing, 
poorly  understood  problems,  such  models  are  frequently  of  limited 
use.  There  needs  to  be  a  greater  reliance  on  "heuristics"  and 
the  kind  of  models  and  data  bases  that  provide  managers  with  help. 

4.  Technology  -  The  technology  that  is  required  has  the  characteristics 
of  flexibility  and  immediate  accessibility  coupled  often  with 
graphical  features  which  allow  patterns  to  be  more  readily  detected. 

The  decision  support  system  idea  is  not  new  -  its  successful  practical 
implementation  is.  Figure  2  provides  twelve  examples.  These  are  given, 
not  because  they  are  all  unusually  successful  D.S.S. ,  but  merely  because 
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they  are  all  written  up  in  the  published  literature  and  therefore  accessible. 


Figure  2 
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On  almost  any  dimension  these  twelve  examples  present  an  enormous  range  of 
characteristics.  For  example,  one  of  these  systems,  media  selection,  has 
a  yery   sophisticated  and  elaborate  model  that  lies  at  the  heart  of  the 
system.  At  the  other  extreme  the  staffing  support  system  for  manpower  levels 
contains  no  models  at  all,  but  merely  provides  the  manager  with  flexible  access  to 
a  complete  data  base.  Both  are  regarded  as  successful  by  the  managers  who 
use  them  and  the  organization  in  which  they  reside.  Some  of  these  systems 
use  large,  powerful,  sophisticated  computers  -  others  are   based  purely  on 
dedicated  and  extremely  simple  mini-computers.  All,  however,  share  the 
characteristic  that  they  have  had  an  impact  on  the  managers'  decisions. 
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It  is  worth  pointing  out  that  the  fact  that  they  have  had  an  impact  on 
the  managers'  decisions  does  not  necessarily  imply  that  the  manager  has 
to  physically  use  the  system  himself.  The  idea  of  a  "chauffeur",  who 
uses  the  system  for  the  manager,  is  in  many  cases  much  the  most  sensible 
way  of  proceeding.  The  acid  test  is  whether  or  not  the  results  of  the 
use  of  the  system  have  an  impact  on  the  quality  of  the  decision  that 
finally  gets  made. 

In  all  these  twelve  cases  the  configuration  of  the  system  involved 
is  shown  in  Figure  3.  This  figure  is  largely  self-explanatory,  but  it 
should  be  stressed  that  the  manager,  or  managers,  involved  are  focusing 
on  a  particular  decision,  and  the  data  base  that  is  implied  in  the 
diagram  is  not  a  corporate  data  base  or  a  totally  integrated  data  base 
or  anything  as  sophisticated  and  fancy  as  these  terms  imply.  Rather 
it  is  a  data  base  that  bears  on  the  decision  being  made  and  is  therefore 
appropriately  focused  to  contain  relevant  information,  rather  than  masses 
of  data. 

Figure  3 
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Impact  on  Planning 

The  preceding  two  sections  have  very  briefly  outlined  some  changes 
in  hardware  technology  and  some  changes  in  conceptual  technology  that 
are  currently  going  on.  At  both  levels  these  changes  have  been  going 
on  quietly  for  some  years  and  have  now  reached  a  point  where  they  have 
passed  a  threshold  of  usability,  and  are  now  powerful  tools,  available 
to  be  applied  in  any  area  where  organizations  have  opportunities.  One 
such  area  is  the  field  of  strategic  planning.  We  are  fortunate  that 
in  this  field  of  strategic  planning  there  has  been  considerable  progress 
over  the  last  five  or  six  years.  This  progress  can  perhaps  be  exemplified 
by  looking  at  the  evolution  and  impact  of  the  Boston  Consulting  Group's 
emphasis  on  market  share  and  their  portfolio  planning  techniques. 
Although  both  these  ideas  have  obvious  limitations,  they  nonetheless 
marked  a  real  change  in  thinking  about  the  problem  of  strategic  planning 
and  the  way  an  organization  should  view  this  task.  This  evolution  in 
thinking  and  change  in  approach  has  been  nicely  captured  in  Hofer  and 
Schendel's  book  (19)  and  will  not  be  elaborated  on  here.  This  approach 
of  focusing  on  the  content  of  strategic  planning  is  being  extended  by 
the  best  practitioners  in  the  field.  Walker  Lewis'  paper  presents  one 
such  extension  of  the  concepts.  For  our  purposes,  however,  I  would  like 
to  focus  on  the  tools  he  has  developed,  not  the  powerful  new  concepts 
involved. 

These  tools  form  part  of  a  D.S.S.  for  certain  aspects  of  strategic 
planning.  They  do  not  solve,  or  automate,  the  planning  problem.  However 
if  one  takes  the  generic  steps  involved  in  strategic  planning,  there 
exist  certain  forms  of  support  for  each  step.  Some  support  is  sophis- 
ticated, some  merely  clerical  in  nature.  The  net  result,  however,  is 
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a  powerful  impact  on  the  quality  of  the  planning  that  gets  done. 

Figure  4 
COMPUTER  SUPPORT  CAPABILITIES 
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PLANNING  PROCESS  REQUIREMENTS 


Figure  4  is  taken  from  Lewis'  talk  and  represents  an  oversimplified  view 
of  the  generic  steps  in  the  planning  process.  There  are  other  ways  of  looking 
at  these  (18,  22)  but  for  our  purposes  here  this  is  a  useful  one.  For  each  of 
the  steps  he  lists  he  has  developed  a  support  tool(s)  for  that  stage  of  the 
process.  If  one  was  to  look  at  these  particular  support  characteristics  from 
a  decision  support  systems  standpoint,  one  could  argue  that  there  are  three 
different  types  that  have  been  developed: 

Type  1  support  represents  the  more  mechanical  aspects  of  the  process, 
that  is,  the  data,  the  editing  of  the  data,  and  the  displaying 
what  is  there  in  a  way  easy  for  a  human  to  understand. 
Type  2  support  is  simple  manipulation  and  is  represented  by  the  ability, 
in  the  hands  of  the  user,  to  screen  the  data  for  certain  character- 
istics, to  segment  it  in  ways  that  make  sense  as  the  planning 
process  evolves,  and  to  allocate  numbers  according  to  whatever 
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heuristics  or  algorithms  are  appropriate. 
Type  3  support  represents  the  use  of  models.  These  are  the  more 
sophisticated  causal  models  that  are  appropriate  for  the 
industry  in  question,  the  financial  models  that  allow 
financial  impacts  to  be  understood,  and  the  detailed  models 
of  segments  that  may  be  required  for  certain  kinds  of  analysis. 
To  be  truly  effective,  of  course,  all  these  different  kinds  of  support 
have  got  to  be  "natural"  to  use  and  sufficiently  robust  and  flexible  to 
be  able  to  adapt  to  an  evolving  situation  (27). 

The  DSS  concept  has  a  great  deal  in  common  with  the  classical  use  of 
computers  and  the  classical  use  of  the  best  of  the  operations  research 
field  (20).  However,  there  is  a  subtle  and  \/ery   fundamental  difference 
between  the  classical  use  of  management  science  tools  as  well  as  the 
D.P.  view  of  computers, and  the  decision  support  systems  idea.  This 
fundamental  difference  can  be  shown  with  an  analogy  from  the  field  of 
chess.  The  attempts  by  the  Artificial  Intelligence  community  to  replace 
a  human  being  with  a  computer  system  that  plays  chess  have  been  modestly 
successful;  that  is,  there  are  chess  playing  programs  which  do  a  good 
job  of  beating  a  poor  chess  player  and  can  provide  a  limited  amount  of 
challenge  for  a  decent  chess  player  (21),  a  challenge  until  the  chess 
player  discovers  the  inherent  weaknesses  which  are  always  there  in  the 
automatic  program  he  is  playing.  This  suggests  that  replacement  of  the 
human  is  limited  to  certain  classes  of  problem.  If  one  takes  a  slightly 
different  tack  and  sets  a  different  objective  for  the  system,  that  is, 
to  have  an  objective  not  to  replace  the  chess  player  but  rather  to 
support  the  chess  player,  to  some  a  subtle  difference  in  emphasis,  then 
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the  approach  becomes  fundamentally  different.  In  a  support  mode  we  can 
divide  the  game  into  three  pieces  -  the  opening,  middle  and  end  game. 
In  the  opening  game  we  can  provide  access  in  a  pure  information  retrieval, 
data-base  sense,  to  all  the  famous  opening  moves  that  have  been  played 
by  grand  masters.  If  we  get  to  the  end  game  we  can  move  to  an  optimization 
technique,  and  with  only  two  or  three  pieces  left  on  the  board  it  would 
become  possible  to  develop  an  optimal  move.  In  the  middle  game,  which 
is  where  all  the  trouble  arises,  we  can  get  the  best  heuristics  that  are 
possible  and  proceed  in  one  of  two  modes;  either  the  player  can  test  the 
implications  of  a  move  he  is  thinking  of  making  via  his  terminal  to  see 
if  the  heuristics  in  the  system  can  come  up  with  any  objections  to  that 
particular  set  of  moves;  or  the  player  can  simply  ask  the  system  for  a 
suggestion  and,  given  the  heuristics  involved,  the  system  may  suggest 
several  alternative  moves  which  the  player  can  then  evaluate  himself 
and  decide  which  one  he  would  like  to  make.  At  the  three  different  parts 
of  a  chess  game,  we  have  come  up  with  three  different  support  mechanisms 
to  improve  the  ability  of  the  chess  player  to  deal  with  his  opponent. 
There  is  no  one  answer  -  it  is  not  a  better  DB  or  a  better  model  or  a 
better  man/machine  interface.  It  is  a  better  system, combining  appropriate 
elements  of  all  three;  where  "appropriate"  is  defined  in  terms  of  helping 
the  decision  maker  (chess  player)  do  a  better  job. 

The  same  is  true  in  strategic  planning.  There  can  be  no  one  model, 
or  language  or  data-base  to  "solve"  the  strategic  planning  problem. 
However,  one  can  produce  a  D.S.S.  which  delivers  different  kinds  of 
power  to  different  users.  It  is  an  exciting  area,  and  one  in  which  I 
would  expect  to  see  considerable  changes  continuing  over  the  next  few  years. 
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